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Abstract:
The Bicep Muscle Rep Counter with SEMG is a device that was made to develop
three repetition thresholds or difficulty levels from a fully-flexed bicep brachii muscle
and signal to the user when consequent bicep muscle contractions pass said thresholds or
levels. This device can be used when performing a bicep-focused movement or when
generally flexing the bicep muscle. Essentially, this device serves to make sure each
repetition of a muscle contraction passes a percentage value calculated from the electrical
activity outputted from a max contraction.
The device is not designed for and does not produce data for muscle growth,
workout regimes, muscle health diagnoses, or anything other than the purpose of creating
difficulty levels from a sample taken and notifying the user when following muscle
contractions pass the threshold.

Introduction:
When muscles contract, they internally produce electrical activity. Or in fact, when action
potentials fire off in muscles, it causes the muscle to contract[1]. These internal electrical
impulses, action potentials, can be read and analyzed. In large skeletal muscles, multiple muscle
cells produce positive electric potentials when contracting. The larger a muscle is, the more
muscle cells/fibers there are, the more fibers fire off action potentials that sum together and can
be applied to an electrical circuit.
Using Electromyography(EMG), electrical activity in the muscle can be measured and
analyzed. For the functionality of the Bicep Muscle Rep Counter with SEMG, surface electrode
electromyography will be used and only the max values of muscle electrical output will be
focused on. After acquiring and processing the max values of the EMG signal, it will be put
through a microcontroller to create the thresholds or difficulty levels and notify the user when
following muscle contractions pass threshold.
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Background:
Knowing how an action potential occurs and how it affects muscle cells can help to
develop a better understanding of the operation of the Bicep Muscle Rep Counter device and its
ability to calculate repetition thresholds. First of all, an action potential can be best described
with the excerpt:
In the cell membrane, charged atoms called ions cause the equivalent of motion – they
cause action. When a neuron is not firing and when a cell membrane is not allowing large
amounts of certain products (we will talk about these later) to enter or leave the cell, that
cell has resting potential. When electrical activity is stimulated, the potential stops resting
because external forces create electrical movement – an action potential[1].
Essentially, in order for a cell such as the muscle cell to go from having a resting potential to
producing an action potential is the back and forth transport of ions(electrically charged atoms or
molecules) through the cell’s membrane which effectively change the concentrations of ions both
internal and external to the cell. Figure 1 provides a great illustration to ion concentrations inside
and outside of the cell membrane.

Figure 1: Illustration of ion concentrations from ions such as sodium(Na), potassium(P), chlorine(Cl), and larger
proteins called anions on either side of the cell membrane. Note: the charge polarity of an ion is given within the
+

superscript of the ion’s name, e.g. 𝐾 .
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It is also important to note that the inside of the cell has more negatively charged ions than
outside of the cell membrane and are mostly comprised of larger proteins called anions(also
depicted in Figure 1). For example, skeletal muscles have a resting potential of about -90mV due
to the greater concentration of negative ions inside it. The large anions cannot pass through the
membrane, therefore meaning the action potential is realized from the transfer of positive
ions[1]. However the underlying process that causes the action potential is a little more intricate.
Positive ions from outside flow into the cell causing it to have positively charged potential. The
cell then tries to reach its resting potential again by allowing the positive ions to flow out of the
cell, finally resulting in an action potential.
Yet, in order for skeletal muscle cells to initiate their own action potential, they must first
receive the “go ahead” from a motor neuron. The “go ahead” refers to another action potential
that travels from the brain to the motor neuron which then initiates a process within the space
between a muscle cell and motor neuron, the neuromuscular junction(depicted in Figure 2). At
this point, voltage-gated calcium channels at the motor nerve ending or presynaptic membrane
2+

open up and release an influx of calcium ions(𝐶𝑎 ) causing a release of neurotransmitters called
acetylcholine (ACh) into the neuromuscular junction[1], [2]. The neurotransmitters then attach to
receptors on the muscle membrane or postsynaptic membrane causing ion channels to open up
and allowing sodium ions to flow in, finally initiating the onset of an action potential[1], [2].
2+

This action potential within the muscle cell directly causes the release of stored calcium(𝐶𝑎 )
and launching the excitation-contraction coupling mechanism, muscle cell contraction[2].
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Figure 2: Model of the Neuromuscular Junction and how the motor neuron connects and
communicates with the muscle cell.

One more vital point of information about actions potentials and skeletal muscle is that a
motor neuron is connected to multiple muscle cells[1]. Meaning when the brain sends one action
potential through a motor neuron, a group of muscle cells/fibers react and contract. There are
multiple muscle cell groups within a large muscle such as the bicep. So in order for a large
muscle to hold contraction, action potentials must be fired off at different times[1].
Long story short, the brain sends multiple action potentials to multiple motor neurons at
different intervals, each motor neuron then sends a neurotransmitter for ion channels in the
muscle cell’s membrane to open, the muscle cells then experience action potentials, and finally
muscle contraction occurs. The electrical activity the muscle cells produce individually and
collectively can be read on a device for analysis.
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Electromyography, or EMG, as described by John Hopkins Medicine is a technique that
“measures muscle response or electrical activity in response to a nerve’s stimulation of the
muscle”[3]. Normal EMG practices involve invasive techniques where needle electrodes pierce
the skin into the muscle to more precisely measure electrical activity. However, for the purposes
of this project an alternative technique called surface electromyography, or SEMG, will be used
to measure the electrical activity in muscles. Although normal EMG practices are more precise,
they are more precise than needed for the scope of this project. SEMG uses surface
electrodes(usually 3 are connected to the skin of the user) that measure electrical activity over a
larger surface area or a large group of muscle, such as the bicep brachii. As Thought Technology
Ltd. puts it, “SEMG is a non-invasive technique for measuring muscle electrical activity that
occurs during muscle contraction”[4].
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Requirements:
Table I: Device Requirements
Customer
Design Requirements
Requirements

Justification

2

Non-invasive

Invasive techniques can cause a
lot of discomfort.

3

Needs to signal the user for repetitions and
difficulty levels the device is operating in.

The user will not be able to know
what the device is doing without
proper signaling.

1, 2, 3

Less leads as possible

Less leads means less product to
buy, will be simpler to use, and
will provide more comfort as
opposed to sticking on many
electrodes.

3

Sampling should be initiated when the user
is ready and whenever they want

The user knows best when they
are performing max contraction.

1

Uses LED instead of LCD peripheral

Peripherals would cost more than
an LED

Customer requirements:
1. Low cost
2. Comfortable
3. Easy to understand/use
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Design:
In constructing the Bicep Muscle Rep Counter with SEMG, hardware and software
systems were combined in order for the device to carry out its intended functions. Even within its
name, it is apparent that this embedded system would need a software and hardware component.
More specifically, having software perform the repetition counting and hardware taking care of
signal manipulation.
When designing the EMG circuit to read electrical activity from the bicep, many EMG
circuits schematics viewed online shared many common stages in the basic construction of EMG
circuit design. With most reference to two EMG circuits provided by instructables.com[5], [6]
and a youtube “EMG Amplifier” laboratory tutorial provided by Northwestern University’s
Senior Lecturer in Mechanical Engineering, Nicholas Marchuk[7], the following EMG circuit
was designed.

Figure 3: Final EMG circuit system design including its different stages
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Instrumentation Amplifier: INA128P

Figure 4: Texas Instruments INA128P Instrumentation Amplifier pinout diagram and IC
schematic.
For any EMG circuit, an instrumentation amplifier is vital to be able to have a readable
output. An instrumentation amplifier takes in two inputs and outputs an amplified version of the
difference in voltage potential between the two inputs. When both inputs of the instrumentation
amplifier share the same voltage, the output will ideally be zero. As can be seen in Figure 4, the
INA128P is designed with an input protection circuit and input buffer amplifiers that eliminate
the need for input impedance matching and provide the device with low DC-offset, low noise
and very high common-mode rejection ratio. Pins 1 and 8, as shown in figure 5, configure the
gain of the instrumentation amplifier and for this EMG circuit, a 120Ω resistor was placed to
give a gain of about 400V/V.

Figure 5: Final EMG Schematic of just the instrumentation amplifier stage with pinouts
labeled.
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Bandpass Filter: NJM5532

Figure 6: Pinout diagram for the New Japan Radio Co. NJM5532 Low-Noise Dual Operational
Amplifier
After acquiring the muscle electrical signal, the signal will be put through a bandpass
filter consisting of Sallen-key low pass filter followed by a Sallen-key high pass filter. The IC
part used to construct this filter as well as the rest of the EMG circuit stages is the NJM5532
Low-noise Dual Op Amp depicted in Figure 6. Since the standard of EMG bandwidth frequency
given by the International Society of Electrophysiology and Kinesiology is around 5-450Hz[8],
the band-pass filter will have a low-pass frequency cutoff of 450Hz and a high-pass frequency
cutoff of 20Hz. The resistor and capacitor values are chosen to fit the cut-off frequency equation
that both filters characterize; 𝑓𝑐 =

1
2π𝑅𝐶

. Figure 7 depicts which component values were used to

build the filter.

Figure 7: Final EMG schematic of only the bandpass filter with pinouts labeled.
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Full-Wave Rectification with gain stage;

Figure 8: Final EMG schematic of only the Full-Wave Rectification stage with pinouts labeled.
At this stage, the signal will be fully rectified meaning no negative voltage will be
outputted and all negative voltage values that are inputted will be converted into its positive
counterpart. Full-wave rectification will help in trying to produce a smoother constant signal as
opposed to the up and down noise-like signal the muscle produces. The full-wave rectifier shown
in Figure 8 is followed by a non-inverting amplifier with a gain of about 3.3V/V to compensate
for the rectifier’s ½ gain output and voltage dropped across the diode.
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Peak Detector with Low-Pass Filter: NJM5532

Figure 9: Final EMG schematic of only the Peak Detector stage.
At this point in the circuit, only max voltage values will be used to make a smoother,
constant signal which will make it easier for a microcontroller to read. Peak detection will save
max values within a capacitor and leak out the voltage over time. This leakage can have a rapid
downward slope so a low-pass filter was added to smooth out the signal, making it easier for the
microcontroller to read.
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Microcontroller - MSP432P401R

Figure 10: Texas Instruments MSP432P401R Launchpad used for signal processing and
“counting” repetitions
For the software portion of the device, MSP432P401R microcontroller was chosen to
compute repetition thresholds and notify the user whenever a rep passes threshold. The built-in
Precision ADC and Comparator E modules of the microcontroller were also utilized. The 14-bit
ADC was used to process the incoming analog signal from the circuit and the Comparator was
used to establish thresholds and notify the user when said thresholds are passed. Code Composer
Studio is the software application used to code and work the microcontroller.

Figure 11: 4x4 Membrane Keypad used for user input, included with dimensions.
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A membrane keypad peripheral shown in Figure 11, was also connected to the
microcontroller so that the user could choose their threshold difficulty and decide when to
sample their maximum output whenever they wanted.

Figure 12: Overall Finite State Machine used for the Rep Counter’s main code including
flowcharts of each state.
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Illustrated in Figure 12 is the flow logic used to write the code utilized for the Bicep
Muscle Rep Counter with SEMG. There will be no display for the device to print results onto so
it would have to indicate to the user what state the device is in when running. When in the
sampling phase, the device will shine a white light and when it is in the counting phase, the
device will shine a green, blue, or red light depending on the level of difficulty chosen. The
difficulty levels that are established will be set from a percentage of the sample value taken. The
first level will establish an 80% threshold level from the sample, the second establishes 90%, and
the last set the threshold to 95%.
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Development and Construction:

Figure 13: Physical setup of the EMG circuit used for the Bicep Muscle Rep Counter
Figure 13 shows the final construction of the EMG circuit used to measure the electrical
activity in the bicep brachii muscle. Power supplies are not shown in the figure but their
connections are the black and red wires seen in the top left and bottom left corners. The power
supplies chosen for the EMG circuit are two 9V batteries set to give negative and positive 9V
supplies. The two batteries were oriented to have battery 1’s negative terminal connecting to
battery 2’s positive terminal, resulting in battery 1’s positive terminal giving +9V and battery 2’s
negative terminal giving -9V.
When interfacing between the EMG circuit and microcontroller, the microcontroller input
pins need to be configured correctly in order for the system to function as a whole. In total, the
Bicep Muscle Rep Counter with SEMG utilizes 10 input pins from the MSP432P401R. Eight
input pins were configured for the 4x4 membrane keypad, 1 pin for the input of the 14-Bit ADC,
and the last pin for the input of the built-in comparator.
To better understand the membrane keypad connections, Figure 14 shows the internal
connections associated with the keypad. As can be seen in the figure, the input pins of the
microcontroller are connected to the rows and columns of the keypad. 8 input pins for 4 rows and
4 columns. By setting each column high, the location of a button being pressed can be identified
when one of the rows goes high. The rows will be associated with pins P2.4 through P2.7 and the
columns with pins P4.0 through P4.3.
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Figure 14: Internal design of the membrane keypad that is composed of switches.
The input of the 14-Bit ADC will be configured to P5.5 and the input of the built-in
comparator will be configured to P6.7. The function block diagram of the precision ADC as seen
in figure 15 shows its overall system module and the bits used to configure the operation of the
ADC. For the Rep Counter, the ADC is set to run off the SMCLK clock source, 4 clock cycles
are used for the sampling period, a resolution of 14 bits, connect to the microcontroller’s 3.3V
power supply, and use the A0 input which is connected to P5.5. Figure 16 shows the functional
block diagram of the microcontroller’s built-in comparator. For Comparator E of the
MSP432P401R microcontroller, it is set to have its positive terminal as the analog input and
negative terminal connected to the reference voltage generator, powered through the
microcontroller’s 3.3V supply, and set with a low-pass filter connected to the output. The
comparator output will go high when the analog input voltage becomes greater than the reference
voltage set by the reference voltage generator.
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Figure 15: Functional block diagram of the Precision ADC 14-bit module within the
MSP432P401R microcontroller.

Figure 16: Functional block diagram of the Comparator E module within the MSP432P401R
microcontroller.
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Figure 17 shows the pinout of all the inputs on the MSP432P401R used for the purpose
of the Bicep Muscle Rep Counter with SEMG.

Figure 17: Pinout of MSP432P401R with pins utilized for the Bicep Muscle Rep Counter
circled in red.

Figure 18: Image of all the connections made to the MSP432P401R microcontroller (power
disconnected)
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All wiring connections made to the MSP432P401R microcontroller including the output
to the EMG circuit and the membrane keypad peripheral are shown in figure 18.
The placement of electrodes when measuring electrical activity in the muscle is also a
very important factor in acquiring a readable signal. First and foremost, a ground must be
established before figuring where to place the recording electrodes. Bony areas around the
muscle are good examples of grounds when attempting to record electrical activity in muscles
because they are hard surfaces with little to no electrical activity present within them. The
recording electrodes will be wired to the inputs of the instrumentation amplifier which, as
mentioned before, amplifies the difference between its two inputs. More specifically, the positive
terminal is subtracted by the negative terminal and that difference is amplified or multiplied. So
to ideally retrieve larger signals from the muscle, the electrode connected to the positive terminal
should be placed where it is most muscle dense and the electrode connected to the negative
terminal of the amplifier should be placed near the end of the muscle. Figure 19 depicts good
placement of electrodes when operating the device.

Figure 19: Electrode placement on the bicep muscle when operating the device.
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Integration and Testing:
Instrumentation Amplifier:
The instrumentation amplifier will be connected to both -/+9V supplies, the ground
electrode connected to pin 5, recording electrodes each in series with 100k resistors connected to
the input terminals of the amplifier, and the gain setting resistor connected to pins 1 and 8 all
depicted in Figure 5.
The gain of the instrumentation amplifier can be solved for using the equation:

G=1+

50𝑘Ω
𝑅𝐺

(1)

Placing a 120Ω resistor gives the amplifier a gain of about 417.6V/V, which gives more than
enough for a readable signal as can be seen in Figure 20.

Figure 20: Output signal of the first stage, instrumentation amplifier.
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Bandpass Filter:
As stated before, this stage is composed of a low-pass filter followed by a high-pass filter.
The gain and cutoff frequency equation of the Sallen-Key low-pass filter are as follows, with R3
located between the output and negative input and R4 located between the negative input and
ground:

G=1+

𝑅3

(2)

𝑅4

(if all resistor and capacitor values are the same) 𝑓𝑐 =

1
2ㅠ𝑅𝐶

(3)

With resistor and capacitor values chosen from Figure 7, the gain and cutoff frequency equate to
2V/V and 482.827Hz, respectively.
For the Sallen-Key high-pass filter, it shares the same cutoff frequency equation as the
Sallen-Key low-pass in equation (3) and the gain of the filter will be 1V/V. Based on the
impedance values given in Figure 7, the cutoff frequency equates to 13.939Hz.
Figures 21, 22, and 23 show the frequency response of the bandpass stage and the output
with the instrumentation amplifier output as the input.

Figure 21: Frequency response of the bandpass filter stage detailing the low-pass cutoff
frequency at around 500Hz.
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Figure 22: Frequency response of the bandpass filter stage detailing the high-pass cutoff
frequency at around 20Hz.

Figure 23: Output signal of the Bandpass filter stage with the DC offset fixed from the output
of the instrumentation amplifier.
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Full-Wave Rectifier:
With a full-wave rectifier constructed in the same configuration as in Figure 9, the output
of the circuit can be represented by these two equations:
(when Vi is negative)

𝑉𝑜 = -

(when Vi is positive)

𝑉𝑜 = +

𝑉𝑖
2
𝑉𝑖
2

(4)
(5)

The output is then connected to a non-inverting amplifier which is characterized by a gain
equation as follows, with R2 connected at the negative terminal and output and R1 connected to
the negative terminal and ground:

𝐺 = 1+

𝑅2
𝑅1

(6)

With the resistor values given in Figure 9, the gain of the non-inverting amp equates to 4.3V/V.
This more than compensates for the ½ gain and diode voltage drop from the rectifier and gives
this stage an overall gain of about 2V/V. Figure 24 shows the output from the full-wave rectifier
stage.

Figure 24: Output of the Full-Wave Rectifier stage
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Peak detector with Low-pass:
With a peak detector configured as in Figure 10, max values of the rectified signal will be
saved into a capacitor and leaked over time. The time it takes for the capacitor to discharge all of
its saved voltage can be configured by choosing resistor and capacitor values. For the purpose of
keeping the max voltage values for longer times, the resistor and capacitor values are 1MΩ and
0.47uF respectively. Figure 25 shows the output of the peak detector circuit.

Figure 25: Output signal of the peak detector before being put through a low-pass filter for
smoothing.
To make the signal smoother and easier for the microcontroller to read, the signal was
then put through another Sallen-Key low-pass filter with impedances given in Figure 10. The
gain of the low-filter is set by the 2.2k and 1k resistors which equate to 3.2V/V. The smoother,
more constant output signal is depicted in Figure 26.
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Figure 26: Output of the low-pass filter after peak detection, Final EMG signal.

Software Testing:
In testing the software, the device’s ability to notify the user of different phases and when
repetitions are counted with LEDs were tested. Figure 27 shows the red, green, blue(RGB) LED
projecting white light indicating it is in the sampling phase. When in the sampling phase, the user
will press start when flexing hard or when lifting a relatively heavy weight and the
microcontroller RGB LED will then project either a green light for a sample taken with a value
greater than the first reference voltage level or a red light if the sample taken is below the first
reference voltage level. The reference voltage level, again, is set by the reference voltage
generator in the Comparator E module.
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Figure 27: Image of the microcontroller functioning in the sampling phase, with the RGB LED
giving off a white light.
After its sampling phase the device goes into its counting phase where its difficulty level
will be user chosen and the LED shines a different color for each difficulty level. Green for the
first level, blue for the second level, and red for the last level. Figures 28, 29, and 30 show the
different colored lights displayed for each difficulty level.

Figure 28: Microcontroller displaying green LED, notifying user it is in difficulty level one.
RED LED is also on indicating a repetition has been counted.
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Figure 29: Microcontroller displaying blue LED, notifying user it is in difficulty level two.
RED LED is not on indicating a repetition has not been counted.

Figure 30: Microcontroller displaying red LED, notifying user it is in difficulty level three.
RED LED is on indicating a repetition has been counted.
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Conclusion:
The Bicep Muscle Rep Counter with SEMG is a working device that functions to create
thresholds from a muscle outputting its max electrical output when the user is flexing hard or
lifting a relatively heavy weight. The device is in no way a means for working out, muscle
growth, self-diagnosis, or anything outside of creating percentage thresholds from electrical
activity in the bicep muscle and notifying the user when consequent muscle contractions produce
electrical activity past the threshold the user chooses.
There can be endless improvements to the device such as adding different peripherals,
having the circuit run off of one battery, printing the circuit onto a PCB for better connection,
and having the device compatible with different muscle groups on the body. An LCD peripheral
would be very useful in notifying the user by displaying when the device is sampling, running in
different threshold levels and actually counting the repetitions that past threshold percentages.
Overall, the device functions properly but is also limited in some aspects. As for the
construction of the circuit, the components were placed on a breadboard with some exposed wire
causing the system to be vulnerable to outside electrical activity. In other words, connections
could be more secure. The reference voltage generator in the Comparator E module of the
MSP432P401R microcontroller was limited to a range of 0 - 3.3V with 103mV increments. The
code used for the microcontroller picks a voltage reference for the comparator that is the next
increment higher than the calculated threshold percentage So if the sample taken were to be too
small in value and the threshold value calculated and chosen is bigger than the sample taken, the
device will fail. Having the device protected from sweat would also be a great improvement.
Ultimately this Senior project was a great experience and has helped me to learn a lot by
doing.
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APPENDICES
Senior Project Analysis;
• Summary of Functional Requirements:
- The Bicep Muscle Rep Counter with EMG takes a sample of muscle electrical activity
when the user presses the START button and after a difficulty level is chosen by the user
the device flashes a red LED when consequent muscle electrical activity is greater than
the threshold values calculated from the sample taken.
• Primary Constraints:
- A big constraint that limits the functionality of the device is the voltage generator of the
Comparator E module found in the microcontroller. The voltage generator was
configured to connect to the negative input of the comparator but the generator only gives
32 voltage values in the range of 0-3.3V to choose from and not an exact calculated
value. In other words, calculated thresholds are not put into the comparator, the next
incremental value from the voltage generator that is greater than the calculated reference
will be applied.
• Economic:
- The costs to develop and construct the device does not exceed $150. Considering its
limited functionality and accuracy, the Bicep Muscle Rep Counter with SEMG costs
more to make than what it is worth. In other words, this device would not have much of
an economical impact. The device is not durable and is susceptible to many external
factors such as temperature and moisture.
• If manufactured on a commercial basis:
- If manufactured on a commercial basis, the cost of the device would have to exceed $130
in order to make any profit. Over time, the device would need replacements for two 9V
batteries and electrodes pads, increasing the overall costs of the device over time.
• Environmental:
- The device does not take in any natural resources and will be mostly used indoors. Since
the device does not consume any natural resources, there will not be any environmental
impact unless the device is dumped. If dumped in a natural environment, the metals and
plastics within the device’s components can pollute the area.
• Manufacturability:
- A possible issue that can arise in manufacturing the device is that the
microcontroller(MSP432P401R) used for this project is not readily available in the
market as I had much difficulty searching for pricing options and availability.
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• Sustainability:
- As mentioned before, to keep the device running and in use, replacement of 9V batteries
and electrodes will be needed over time. The device is also very vulnerable in that it is
only connected on a breadboard, so keeping it away from external factors will be a bigger
challenge. To avoid this in the future, improvements involve using reusable electrodes,
having the EMG circuit run on just one 9V battery, and giving the EMG circuit a chassis
to protect it from environmental factors.
• Ethical:
- Misuse of this project can result in electrical shock and other bodily harm not described.
So using the device other than for its intended purpose is not recommended.
• Health and Safety:
- As mentioned before, the device can produce electric shock and/or harm if not used for
its intended function. The electrodes used for this project are designed to only receive
signal as well.
• Social and Political:
- Socially this project may affect how people approach their exercises since the device
measures muscle activity and communicates to its user when a repetition is counted.
However this device in no way provides a means for working out or providing data
outside of passing a threshold value. It can also affect how physiologists or physical
therapists approach their practices, but the device is not intended for such use.
• Development:
- This project was a huge learning curve in trying to apply teachings from my professors
and classes. However, one small technique that I learned over the course of my project is
that the DC offset of a signal can be eliminated when put through a high-pass filter. This
information was found on High Pass Filter - Types, Applications, Advantages &
Disadvantages (electricalfundablog.com).
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Parts List and Costs:
Part:

Cost:

INA128P

$14.62 x 1 = $14.62

NJM5532

$1.36 x 3 = $5.44

UF1001 Diode

$0.51 x 2 = $1.02

0.1uF Capacitor

x 4 (part of capacitor kit)

0.15uF Capacitor

x 2 (part of capacitor kit)

0.47uF Capacitor

x 1 (part of capacitor kit)

Capacitor Assortment Kit

$10.99 x 1 = $10.99

120Ω Resistor

x 1 (part of resistor kit)

1kΩ Resistor

x 3 (part of resistor kit)

2.2kΩ Resistor

x 2 (part of resistor kit)

3.3kΩ Resistor

x 6 (part of resistor kit)

10kΩ Resistor

x 2 (part of resistor kit)

82kΩ Resistor

x 2 (part of resistor kit)

100kΩ Resistor

x 3 (part of resistor kit)

1MΩ Resistor

x 2 (part of resistor kit)

Resistor Assortment Kit

$13.99 x 1 = $13.99

MSP432P401R

$35 x 1 = $35

Electrode wires(4-pack)

$9.99 x 1 = $9.99

Bio-Protech Electrodes (2 bags of 50pcs)

$13.98 x 1 = $13.98

9V Batteries

$5 x 2 = $10

9V battery clip connectors(4 pieces)

$4.52 x 1 = $4.52

Jumper Wire Assortment Kit

$11.99 x 1 = $11.99
Total Parts Costs = $131.54
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Datasheets:
●
●

IN128P, Instrumentation amplifier - INA12x Precision, Low-Power Instrumentation
Amplifiers datasheet (Rev. E)
NJM5532, dual low noise op ampsNJM5532_E.pdf (nisshinbo-microdevices.co.jp)

● UF1001, Diode - UF1001 pdf, UF1001 Description, UF1001 Datasheet, UF1001 view :::
ALLDATASHEET :::
● Membrane Keypad - 4x4 Matrix Membrane Keypad (#27899) (components101.com)
● MSP432P402R Microcontroller Launchpad:
-Technical Reference Manual: MSP432P401R SimpleLink™ Microcontroller
LaunchPad™ Development Kit User's Guide (Rev. F) (components101.com)
-Datasheet: MSP432P401R pdf, MSP432P401R Description, MSP432P401R Datasheet,
MSP432P401R view ::: ALLDATASHEET :::
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Code:
#include "msp.h"
#include "keypad.h"
/**
* main.c
*/
//EMG Rep Counter Code
/*Process: take 1000 samples while user is flexing their hardest or when lifting a heavier weight
* --> average out values of the samples collected
* --> create 3 percentage values from the average value and use them as thresholds for the repetition threshold(e.g.
80%, 90%, 95%)
* --> user selects their difficulty(selects from the 3 thresholds)
* --> selected threshold is fed into the negative input a comparator with the emg signal connected to the positive input
* --> a repetition is acknowledged or counted when the emg signal is greater than the the selected threshold(LCD or
LED or BOTH)
*/
/*Specifications:
* - able to select different thresholds without having to re-sample
* - can re-sample with a press of a button
*/

//ASSIGNED ADC14/PIN CONNECTIONS: analog input - P5.5
//ASSIGNED KEYPAD/PIN CONNECTIONS: ROWS - P2.4-7, COL - P4.0-3
//ASSIGNED COMPARATOR/PIN CONNECTIONS: analog input - P6.7
void set_DCO(uint32_t freq);
void ADC14_init(void);
void Comp_init(void);
void Difficulty_func(int ADC_output, int diff_level);
#define FREQ_1to2MHZ CS_CTL0_DCORSEL_0
#define START
10
#define STOP
12
#define SAMPLE_SIZE 1000
#define VREF 3300
#define RESO 16384
#define RED 1
#define GREEN 2
#define BLUE 4
uint16_t MEMval;
int MEM0_FLAG;
typedef enum{
SAMPLE,
COUNT,
} state_var_type;
void main(void)
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{
WDT_A->CTL = WDT_A_CTL_PW | WDT_A_CTL_HOLD;

// stop watchdog timer

set_DCO(FREQ_1to2MHZ); // sets the DCO nominal frequency range to 1-2MHz and
ADC14_init();
// initialize ADC
Comp_init();
// initialize comparator
keypad_init();
// initialize keypad
state_var_type state = SAMPLE; //start up program in init state
uint8_t input = 255;
//initialize variable used for capturing keypad presses
uint16_t samples[SAMPLE_SIZE]; //an array with the size defined by SAMPLE_SIZE
int i = 0;
//index variable
int avg = 0;
//variable for averaged out value from sample
P2->DIR |= 0x07;
//set up RBG LED
P1->DIR |= 1;
//set up RED LED
P2->OUT &= ~(0x07);
//have both LED's turned off at start
P1->OUT &= 0;
while(1){
switch(state){
case SAMPLE:
P2->OUT |= 0x07;
//signal sample phase with
while (i < SAMPLE_SIZE){
//initialize array with 0's
samples[i] = 0;
i++;
}
i = 0;

//set indexing variable back to 0

ADC14->IER0 |= ADC14_IER0_IE0; //interrupt enable for memory address 0
NVIC->ISER[0] = (1 << ADC14_IRQn); //sets NVIC for ADC14
__enable_irq();
//global interrupt enable
input = keypad_getkey();
while (input != START){
//wait for keypad press
input = keypad_getkey();
}
if(input == START){
//start sample collection when user presses start
state = COUNT;
//if START is pushed, meaning samples were taken --> go to count rep state
avg = 0;
//set avg back to zero when wanting a new sample
while (i < SAMPLE_SIZE){
//fill up array from ADC signal
ADC14->CTL0 |= ADC14_CTL0_SC;
//set start bit
if (MEM0_FLAG){
//if MEM0_FLAG is set
// VIN = (MEMval * VREF) / RESO; //converts ADC output to a voltage
// bam[i] = VIN;
samples[i] = MEMval;
//put ADC output into array
MEM0_FLAG = 0;
//set global flag back to zero
ADC14->CTL0 &= ~ADC14_CTL0_SC; //set the start counter back to zero
i++;
}
}
i = 0;

//set index variable back to 0
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}
for(i=0; i<SAMPLE_SIZE; i++){
avg += samples[i];

//average value computing process

}
if(avg != 0){
//Checks to see if START was pressed b/c avg will remain zero
avg = avg/SAMPLE_SIZE;
if(avg >= 20){
//if final average value of ADC output is above output green light
P2->OUT &= ~(0x07);
P2->OUT |= GREEN;
__delay_cycles(1000000);
P2->OUT &= ~(0x07);
}
avg = 201 * avg - 116 - 169;
// final avg value
}
if(avg <= 103126){
//if the avg is smaller than the first reference voltage or zero, flash red to signal a
bad sample was taken
P2->OUT &= ~(0x07);
P2->OUT |= RED;
__delay_cycles(1000000);
P2->OUT &= ~(0x07);
avg = 0;
state = SAMPLE;
}
while (input != 255){
//wait for keypad to be un-pressed
input = keypad_getkey();
}
break;
case COUNT:
input = keypad_getkey();
if(COMP_E1->INT &= COMP_E_INT_IFG){

//when the output of the comparator is high, flash the RED

LED
COMP_E1->INT &= ~(COMP_E_INT_IFG);
P1->OUT |= 1;
__delay_cycles(100000);
P1->OUT &= 0;

//reset interupt flag

}
if(input == 1){
Difficulty_func(avg, input);

//sees which difficulty is selected and calibrates comparator accordingly

}
if(input == 2){
Difficulty_func(avg, input);
}
if(input == 3){
Difficulty_func(avg, input);
}
if(input == STOP){
P2->OUT &= ~(0x07);
state = SAMPLE;
}
break;

//if STOP is pressed, got back to sample phase and turn off RGB LED
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default: state = SAMPLE;
}
}
}

void set_DCO(uint32_t frequency){
CS->KEY = CS_KEY_VAL; //allows for changes in the clock system
CS->CTL0 = frequency; //sets frequency range
CS->CTL1 =
(CS_CTL1_SELM__DCOCLK|CS_CTL1_DIVM__1|CS_CTL1_SELS__DCOCLK|CS_CTL1_DIVS__128); //sets DCO
to SMCLK and divides by 1, same for the MCLK
CS->KEY = 0; //locks changes in the clock system
}
//ADC14 stuff//
void ADC14_init(void){
ADC14->CTL0 = ADC14_CTL0_SSEL__SMCLK // selects smclk
| ADC14_CTL0_ON
//powers on ADC14
| ADC14_CTL0_SHT0__4 //4 cycles
| ADC14_CTL0_SHS_0
//select start conversion bit
| ADC14_CTL0_SHP
//select sample timer
| ADC14_CTL0_CONSEQ_0; //single conversion mode
ADC14->CTL1 = ADC14_CTL1_RES__14BIT; //have the resolution be 14bits, not or-ing any STRTADDR bits b/c im
using memory register 0
ADC14->MCTL[0] = ADC14_MCTLN_INCH_0 | ADC14_MCTLN_VRSEL_0; //using A0 for input, Vr+ = AVCC
and Vr- = AVSS

ADC14->CTL0 |= ADC14_CTL0_ENC;
P5->SEL0 |= BIT5;
P5->SEL1 |= BIT5;
}

//enable conversion

//sets pin 5 of port 5 to input

void ADC14_IRQHandler(void){
if (ADC14->IFGR0 & ADC14_IFGR0_IFG0){
MEM0_FLAG = 1;
MEMval = ADC14->MEM[0];
}
}
//Comparator stuff//
void Comp_init(void){
COMP_E1->CTL0 = COMP_E_CTL0_IPEN
//enables analog input for positive terminal of comparator
|COMP_E_CTL0_IPSEL_0; //selects C0 as input for the positive terminal
COMP_E1->CTL1 = COMP_E_CTL1_F;

//sets the low pass filter for the output of comparator

COMP_E1->CTL2 = COMP_E_CTL2_RSEL //Vref applied to V- terminal
|COMP_E_CTL2_RS_1; //Vref is applied to voltage ladder
COMP_E1->CTL3 = 0xFFFE; //disable all other input ports except for C0
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COMP_E1->CTL1 |= COMP_E_CTL1_ON;

//turns on comparator

P6->SEL0 |= BIT7;
P6->SEL1 |= BIT7; //this set up P6.7 to be the analog input for the comparator
}
void Difficulty_func(int ADC_output, int diff_level){
if(ADC_output >= 0){
uint32_t ref_volts[32] = {0, 103125, 206250, 309375, 412500, 515625, 618750, 721875, 825000, 928125,
1031250, 1134375, 1237500, 1340625, 1443750, 1546875, 1650000, 1753125,
1856250, 1959375, 2062500, 2165625, 2268750, 2371875, 2475000, 2578125,
2681250, 2784375, 2887500, 2990625, 3093750, 3196875};
uint8_t c = 0;
//reference voltages array indexing variable, increments of 103.1mV
int threshold = 0;
// if (diff_level == 0){
//if no difficulty is selected, start at level 1
P2->OUT &= ~(0x07);
P2->OUT |= GREEN;
//have LED output green to indicate level 1
threshold = ADC_output * 0.8;
// }
if (diff_level == 1){
//Level 1, 80% threshold
P2->OUT &= ~(0x07);
P2->OUT |= GREEN;
//have LED output green to indicate level 1
threshold = ADC_output * 0.8;
}
if (diff_level == 2){
//Level 2, 90% threshold
P2->OUT &= ~(0x07);
P2->OUT |= BLUE;
//have LED output blue to indicate level 2
threshold = ADC_output * 0.90;
}
if (diff_level == 3){
//Level 3, 95% threshold
P2->OUT &= ~(0x07);
P2->OUT |= RED;
//have LED output red to indicate level 3
threshold = ADC_output * 0.95;
}
while(threshold > ref_volts[c]){ //sets reference voltage 1 increment higher than ADC_output
c++;
}
if(c > 31) c = 31;
//if c somehow goes past 31, set to 31
COMP_E1->CTL2 &= ~(COMP_E_CTL2_REF0_MASK); //clear register for configuring the resistor ladder
COMP_E1->CTL2 &= ~(COMP_E_CTL2_REF1_MASK);
COMP_E1->CTL2 |= c;

//set reference voltage ladder values by shifting offset to value of variable

}
}
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/*
* keypad.h
*
* Created on: Oct 6, 2020
* Author: matheezie
*/
#ifndef KEYPAD_H_
#define KEYPAD_H_
//Rows will be P2.4-7 and Cols will be P4.0-3
#define ROW1 BIT4
#define ROW2 BIT5
#define ROW3 BIT6
#define ROW4 BIT7
#define ROW_MASK (ROW1|ROW2|ROW3|ROW4)
#define COL1 BIT0
#define COL2 BIT1
#define COL3 BIT2
#define COL4 BIT3
#define COL_MASK (COL1|COL2|COL3|COL4)
//function prototypes
void keypad_init(void);
uint8_t keypad_getkey(void);

#endif /* KEYPAD_H_ */

/*
* keypad.c
*
* Created on: Oct 6, 2020
* Author: matheezie
*/
#include <stdint.h>
#include "msp.h"
#include "keypad.h"
//#define START 10
//#define STOP 12
//#define F1 (5)
//#define F2 (6)
//#define F3 (7)
//#define F4 (0)

//PORTS TO BE USED: P2 AND P4
//ASSIGNED KEYPAD/PIN CONNECTIONS: ROWS - P2.4-7, COL - P4.0-3
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void keypad_init(void){
P2->SEL0 &= ~(0xF0);
P2->SEL1 &= ~(0xF0);

//SET GPI/O FOR PORT 2.4,5,6,7

P4->SEL0 &= ~(0x0F);
P4->SEL1 &= ~(0x0F);
P2->DIR &= ~(0xF0);
P4->DIR |= 0x0F;

//SET GPI/O FOR PORT 4.0,1,2,3

//SETTING P2.4,5,6,7 TO INPUT AND P4.0,1,2,3, TO OUTPUT

P2->REN |= 0xF0;
//Sets input with pulldown resistor
P2->OUT &= ~(0xF0);
P4->OUT |= 0x0F;

//Sets all Cols High

return;
}
uint8_t keypad_getkey(void){
int rows, cols;
int button = -1;
cols = 0;
rows = 0;
while((cols <= 3) && (rows == 0)){
P4->OUT &= 0xF0;
P4->OUT |= ((1 << cols) & 0x0F);
__delay_cycles(25); // wait for signals to settle
rows = P2->IN & 0xF0;
cols++; // move to next column
}
if(rows == 0){
P4->OUT |= 0x0F;
return -1;
}

// set colums high

// detected a button rows, cols (rows 16, 32, 64, 128; cols 1, 2 , 3, 4)
// START = 10, # = 11, F1=12, F2 = 13, F3 = 14, F4 = 15
rows = rows >> 4; //1, 2, 4, 8
if (rows == 4) rows = 3;
if (rows == 8) rows = 4;
if(cols == 1){
button = rows*3-2;
P4->OUT |= 0x0F;
}

// set colums high

if(cols == 2){
button = rows*3-1;
if(button == 11){
button =0;
}
P4->OUT |= 0x0F;
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}
if(cols == 3){
button = rows*3;
P4->OUT |= 0x0F;
}
if(cols == 4){
button = rows+12;
P4->OUT |= 0x0F;
}
P4->OUT |= 0x0F;
return button;
}
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